Background: Health-related quality of life (HRQOL) reflects a patient's perceived disease burden, treatment effectiveness, and health status. Given the time burden and physiologic effects of hemodialysis, patients who spend dialysis time (9-15 h/week) physically or intellectually engaged may have better HRQOL. We characterized the intradialytic activities and explored their association with HRQOL. Methods: In a cross-sectional study of 431 hemodialysis patients, we ascertained kidney-disease-specific quality of life, measured frailty, and surveyed participants about their usual active intradialytic activities (reading, playing games, doing puzzles, chatting, or other) and passive intradialytic activities (watching TV or sleeping). We used adjusted ordered logistic regression to identify correlates of the activity index (the sum of active intradialytic activities) and adjusted linear regression to quantify the association between the activity index and physical-, mental-, and kidney-disease-specific HRQOL. Results: The 2 most common intradialytic activities were passive activities (watching TV = 87.9%; sleeping = 72.4%). Participants who were female (aOR 1.85, 95% CI 1.28-2.66; p = 0.001), nonfrail (aOR 1.70, 95% CI 1.06-2.70; p = 0.03), and nonsmokers (aOR 2.61, 95% CI 1.39-4.90; p = 0.003) had a higher intradialytic activity index after adjustment. Higher intradialytic activity index was associated with better mental-(0.83 points, 95% CI 0.04-1.62; p = 0.04) and kidney-disease-specific HRQOL (1.70 points, 95% CI 0.47-2.93; p = 0.007), but not physical HRQOL. Conclusions: Hemodialysis patients with more active intradialytic activities report better mental and kidney-disease-specific HRQOL. These results should be confirmed in a prospective study with a broader cohort of hemodialysis patients. Dialysis providers may consider offering patients with low levels of activity additional support and opportunities to engage in beneficial intradialytic activities.
Introduction
Patients undergoing hemodialysis are especially prone to impairments in health-related quality of life (HRQOL), a multidimensional construct that reflects a patient's perceived disease burden, treatment effectiveness, and overall health status [1] . Because HRQOL accounts for the clinical manifestation of disease, the side effects of treatments, and the support of family members and healthcare providers, it is an important patient-centered outcome for patients undergoing hemodialysis. In addition to a marker of overall well-being, HRQOL is also a salient predictor of healthcare utilization and clinical outcomes. Among patients undergoing hemodialysis, poor physical HRQOL is associated with 1.09-fold increased risk of hospitalization and 1.21-fold increased risk of mortality [2] . Similarly, poor mental and kidney-disease-specific HRQOL are also associated with significantly increased risks of hospitalization and mortality, indicating that all 3 domains of HRQOL are important predictors of adverse health events [2, 3] .
Given that hemodialysis treatment requires that patients are connected to a dialyzer for 3-5 h at least 3 times a week, and the profound physiologic and cognitive toll of hemodialysis [2, [4] [5] [6] [7] , it is likely that patients who spend dialysis time more actively engaged have better HRQOL. However, little is known about the array of intradialytic activities patients perform. The majority of studies of intradialytic activities have been qualitative studies [8, 9] and clinical trials [10] [11] [12] [13] [14] that evaluate whether implementing exercise training, brain games, and nutritional support regimens during dialysis ameliorate dialysis-related symptoms. A growing body of literature suggests that such discretionary activities are safe, feasible to administer, and may have beneficial effects on HRQOL [8, 15] . However, little is known about the typical intradialytic activities that would be replaced by such interventions or whether the willingness of hemodialysis patients to participate in intradialytic interventions differs by how active they are while undergoing hemodialysis.
To better understand the intradialytic activities of patients undergoing hemodialysis, the association between intradialytic activity and HRQOL, as well as the interest of patients in performing potentially beneficial intradialytic interventions, we conducted a cross-sectional study of 431 patients undergoing hemodialysis. The primary objectives of this study were to (1) characterize the activities patients perform during dialysis, (2) quantify the association between intradialytic activity and physical, mental, and kidney-disease-specific HRQOL, and (3) understand the willingness to perform intradialytic physical exercise and cognitive training.
Subjects and Methods

Data Source and Study Population
We leveraged a cohort study of 431 hemodialysis patients enrolled in a longitudinal study of frailty and kidney transplantation (KT) prior to listing for KT. Participants were English-speaking patients aged 18 years and older who were evaluated for KT at the Johns Hopkins Hospital, Baltimore, Maryland from October 2016 to December 2017; their selection for listing was not based on their response during this research study. In this cross-sectional study, we ascertained intradialytic activity, HRQOL, and willingness to perform intradialytic intervention at the time of evaluation as described below. Demographic characteristics (age, sex, race, ethnicity, education, employment status, and smoking status) were assessed at the time of enrollment. Additional clinical factors (body mass index [BMI] , dialysis vintage) were abstracted from medical records. A Charlson comorbidity index (CCI) adapted for patients with end-stage renal disease (ESRD) was calculated from comorbidities in the medical record at the time of enrollment [16] . As described below, we ascertained each participant's frailty status, their depressive symptoms, and their leisure time activities. The Johns Hopkins Institutional Review Board approved the study, and all participants provided written informed consent. This research is in adherence with the Declaration of Helsinki.
Intradialytic Activity
We ascertained intradialytic activity, the primary exposure in this study, by surveying participants about the activities they typically perform during dialysis. Participants responded verbally to the question: "What do you normally do on dialysis?" by responding "yes" or "no" to the following activities: Read, Play Electronic Games, Do Puzzles, Watch TV, Sleep, Talk/Chat. Participants were also able to respond other and provide a description of 1 or multiple additional activities. We created an activity index on a scale of 0 to 5 points. 
Frailty, Depressive Symptoms, and Leisure Time Activities
We ascertained depressive symptoms at KT admission using the Center for Epidemiologic Studies-Depression Scale (CES-D), a 20-item questionnaire that queries depressive symptoms over the past week [17] , and leisure time activities over the last 2 weeks were ascertained by the Minnesota Leisure Time Physical Activities Questionnaire [18] . We additionally studied the physical frailty phenotype as defined by Fried et al. [19] in older adults and by our group in ESRD and KT populations [4, 7, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , which is comprised of 5 components, which were measured at the same time as the intradialytic activities: slowed gait speed (walking time of 15 feet below an established cutoff by gender and height), weak-ness (grip strength below an established gender-and BMI-based cutoff), exhaustion (self-report using 2 items from the CES-D), shrinking (self-report of unintentional weight loss of more than 10 pounds in the past year based on dry weight), and low physical activity (kilocalories/week below an established cutoff based on the Minnesota Leisure Time Physical Activities Questionnaire) [19] .
Health-Related Quality of Life
We assessed the health-related and kidney-disease-specific quality of life using the Kidney Disease Quality of Life instrument short form (KDQOL) version 1.3 [31, 32] . The KDQOL is comprised of a core component that measures HRQOL (KDQOL-36) in addition to 11 multi-item domains targeted at particular concerns of patients undergoing dialysis that measure kidney disease-specific quality of life. The KDQOL-36 is comprised of 8 domains (physical functioning, role limitations due to physical problems, bodily pain, general health perceptions, emotional well-being, role limitations due to emotional problems, social functioning, and energy). We calculated and linearly converted 36 Item Short Form Health Survey (SF-36) domain scores to a 0-to 100-point scale according to published guidelines, with higher scores reflecting better HRQOL [33, 34] . Physical HRQOL and mental HRQOL summary scores were standardized to the 1998 U.S. adult population and were thus converted to T-scores (mean = 50 and a SD = 10) [31, 35] . Kidney-disease-specific quality of life was assessed using 10 additional domains (symptoms, effects, burden, cognitive function, social interaction, sleep, social support, work status, dialysis staff encouragement, and patient satisfaction). We linearly converted kidney-disease-specific domain scores to a 0-to 100-point scale in the same manner used for the SF-36 domains. A kidney-disease-specific quality of life summary score was calculated from an average of the domain scores as has been previously reported [33, 34, 36] .
Willingness to Perform Intradialytic Activity
Participants' willingness to perform intradialytic physical exercise and cognitive tasks were surveyed using 2 close-ended questions: "Are you interested in exercising to improve your strength while on dialysis," and "Are you interested in improving your memory through brain training while on dialysis?" Participants answered these questions verbally by responding "yes" or "no".
Statistical Analysis
We tested whether there were differences in participant characteristics by intradialytic activity index using a chi-square test for categorical variables and the Student's t test for continuous variables. We identified correlates of higher intradialytic activity using ordered logistic regression, including age, sex, race, frailty, smoking status, CCI score, BMI, dialysis vintage, and education in a single model. Linear regression was used to examine the association between intradialytic activity index and physical, mental, and kidney disease-specific HRQOL, adjusting for demographic and clinical factors including age, sex, BMI, dialysis vintage, race, and education. We used logistic regression to quantify the association between intradialytic activity index and intervention preferences. For all analyses, a p value < 0.05 was considered significant. All analyses were performed using Stata 15/MP (College Station, TX, USA).
Results
Study Population of Patients Undergoing Hemodialysis
Among 431 participants undergoing hemodialysis, the mean age was 54 years (SD = 13; range 20-83), 35 .3% were women, 53.6% were African American, 8.6% were current smokers, and 5.6% of participants attained less than a high school education. The mean dialysis vintage was 2.5 years (SD = 3.4). Outside of the dialysis clinic, 83.1% reported participating in at least 1 leisure time physical activity in the last 2 weeks; the most commonly reported activities were walking (59.2%), moderately strenuous household chores (54.8%), gardening (13.2%), and calisthenics/general exercise (13.2%).
Intradialytic Activity
The most common intradialytic activities were watching TV (87.9%), sleeping (72.4%), and talking/chatting (70.5%; Fig. 1 ). A majority of participants reported performing both passive and active intradialytic activities (85.2%), while 1.4% of participants reported only active intradialytic activities and 13.5% reported only passive intradialytic activities. The intradialytic activity index ranged from 0 to 5 with 25.1% reporting 1 active intradialytic activity, 29.9% reporting 2 activities, 21.8% reporting 3 activities, 9.1% reporting 4 activities, and < 1% reporting 5 activities; the median was 2 active intradia- lytic activities. The median active intradialytic activity index was 2 and did not vary by age (ages ≥65 vs. age < 65), comorbidity (CCI ≥1 vs. CCI = 0), or dialysis vintage (≥1 or < 1 year). There were 15 participants (3.4%) who reported eating while on hemodialysis. In addition to the list of possible intradialytic activities, other common responses that participants reported included listening to music/podcasts/educational lectures/audiobooks/news (9.0%), using social media/browsing Internet (4.2%), working/studying (5.6%), and drawing/coloring/crafts (2.6%).
Correlates of Intradialytic Activity Level
Participants who were current smokers were more likely to report only passive intradialytic activities (15.5 vs. 7.5%; p = 0.04; Table 1 ). Participants who were female (aOR 1.85, 95% CI 1.28-2.66; p = 0.001), nonfrail (aOR 1.70, 95% CI 1.06-2.70; p = 0.03), and nonsmokers (aOR 2.61, 95% CI 1.39-4.90; p = 0.003) were more likely to have a higher intradialytic activity index (Table 2 ). There were no significant differences in intradialytic activity index based on dialysis vintage, BMI, race, age, and CCI.
Intradialytic Activity Level and HRQOL
The mean mental, physical, and kidney-disease-specific HRQOL scores were 52.8 (SD = 10.1), 41.6 (SD = 9.9), and 74.0 (SD = 15.7) respectively. Each 1-point increase in the intradialytic activity index was associated with a 0.83-point increase in mental HRQOL (0.83 points; 95% CI 0.04-1.62; p = 0.04) and 1.70-point increase in kidney-disease-specific HRQOL (1.70 points; 95% CI 0.47-2.93; p = 0.007), after adjustment for demographic and clinical factors. However, the intradialytic activity index was not associated with physical HRQOL (0.52 points; 95% CI -0.27 to 1.31; p = 0.19; Table 3 ). Results were consistent when we adjusted for categorical education level (highest level of education: grade school, high school, technical school, college, graduate school, or other) as a sensitivity analysis. Additionally, the association between intradialytic activity index and mental HRQOL (p for interaction = 0.31), kidney-disease-specific HRQOL (p for interaction = 0.30), and physical HRQOL (p for interaction = 0.28) did not differ between male and female participants.
At the HRQOL domain level, each 1-point increase in intradialytic activity index was associated with better scores in emotional well-being (1.33 points; 95% CI 0.03-2.62; p = 0.04), energy (2.97 points; 95% CI 1.10-4.84; p = 0.002), symptoms of kidney disease (1.32 points; 95% CI 0.03-2.61; p = 0.046), effects of kidney disease on daily living (2.18 points; 95% CI: 0.40-3.96; p = 0.02), burden of disease (2.76 points; 95% CI 0.35-5.17; p = 0.03), and sleep (2.66 points; 95% CI 0.81-4.51; p = 0.005) after adjustment for demographic and clinical factors (Table 3) .
Intradialytic Activity Preferences
Among participants undergoing hemodialysis, 67.9% reported an interest in playing brain games during dialysis and 76.0% reported an interest in performing exercise during dialysis (online suppl. Table 1 , see www.karger. com/doi/10.1159/000492623). A higher intradialytic index was associated with a 1.30-fold (95% CI 1.08-1.57; p = 0.01) increased odds of being interested in playing brain games. A higher intradialytic index was also associated with a 1.25-fold (95% CI 1.03-1.52; p = 0.03) increased odds of being interested in exercising during dialysis. Reported interest in playing games and performing exercise was similar among female, black, and older participants. Furthermore, younger (< 65 years) participants undergoing hemodialysis had a 3.15-fold (95% CI 1.94-5.13; p < 0.001) increased odds of being interested in playing brain games, but there was no association between age and a person's interest in exercise training.
Discussion
Among this cohort of 431 adults undergoing hemodialysis, participants more commonly engaged in passive intradialytic activities such as watching television and sleeping compared to active tasks such as reading, completing puzzles, and playing electronic games. We found that participants with a higher intradialytic activity index had better mental HRQOL (0.83 points per active intradialytic task) and kidney-disease specific HRQOL (1.70 points per active intradialytic task), particularly within the domains of emotional well-being, energy, kidney disease symptomology, effects of disease on daily living, burden of disease, and sleep quality. Participants with a higher intradialytic activity index were more likely to be female, nonsmokers, and nonfrail. Additionally, participants with a higher intradialytic activity index were more likely to be interested in exercising training and performing cognitive tasks during dialysis. Of note, participants' interest in these potentially beneficial activities did not differ by sex or by race; however, younger (< 65 years) participants were at a 3.15-fold increased odds of being interested in playing brain games compared to younger participants. This was a large cohort study that characterized intradialytic activities among patients undergoing hemodialysis. Thus, our finding of a higher intradialytic activity index among females, nonsmokers, and nonfrail participants should be considered in the context of previous studies [37] [38] [39] . For instance, smoking and frailty are also risk factors for lower leisure-time physical activity in this population [28, 40] . This fits with our conceptual model in which frail patients undergoing hemodialysis are particularly vulnerable to stressors induced by hemodialysis and thus are less likely to be active during their session; we believe that frailty has both a direct impact on HRQOL Active intradialytic activities include: read, play electronic games, puzzles, chat, other (physical or cognitive activity; passive intradialytic activities include: watch TV, sleep, other (non-physical or non-cognitive activity).
BMI, body mass index; CCI, Charlson comorbidity index.
DOI: 10.1159/000492623 Higher intradialytic activity levels as measured by this index reflect more activity during the dialysis session. All factors listed above were included in a single model. BMI, body mass index; CCI, Charlson comorbidity index. Higher intradialytic activity levels as measured by this index reflect more activity during the dialysis session. Each measure of association was estimated using a separate model. All models are adjusted for age, sex, race, body mass index, dialysis vintage, and education.
HRQOL, health-related quality of life. [36, 41] and an indirect impact on HRQOL through their inability to perform active intradialytic activities (i.e., full and partial mediation). Our finding of an association between frailty and lower intradialytic activity expands previously observed associations between frailty and increased risk of falls, hospitalization, and mortality, as well as declines in cognitive function and HRQOL in patients undergoing hemodialysis [4, 5, 7, 27, 36] . As a marker of physiologic reserve, frailty captures an inability to efficiently recover from stressors [19] . Our finding may further demonstrate that frail patients are less able to withstand the stressor involved with hemodialysis, which may be manifested in lower intradialytic activity. Notably, we found that a higher intradialytic activity index was associated with better mental-and kidneydisease-specific HRQOL, which may reflect clinically significant findings, as each 1-point increase in mental HRQOL is associated with a 2 percent reduced relative risk of hospitalization [42, 43] . However, we observed no association in our study sample between intradialytic activity and physical HRQOL. It is likely that the cognitive nature of the intradialytic tasks reported by participants would have less impact on physical HRQOL. Currently, the Center for Medicare Services mandates dialysis facilities perform routine measures of quality of life [44] ; given this and our study findings, HRQOL may serve as a patient-centered outcome to determine the efficacy of dialysis facility interventions on intradialytic activity.
We found that participants were interested in performing additional activities during dialysis, namely, physical exercise (76.0%) and cognitive tasks (67.9%). The willingness of patients to perform intradialytic physical exercise has thus far only been reported in smaller qualitative studies of 16-25 patients at individual dialysis centers [8, 9] as well as a number of clinical trials of intradialytic physical activity [10] [11] [12] [13] [14] . Our finding that participants with a higher intradialytic activity were more likely to report an interest in exercise and cognitive tasks may suggest that patients performing less activity during dialysis require additional support in order to increase activity level, particularly because lack of time on dialysis days is a commonly reported barrier to exercise among hemodialysis patients [37] . Furthermore, older patients were less likely to report an interest in exercise training and may need to have such interventions tailored to their interest. Additionally, while qualitative studies on intradialytic interventions have largely focused on exercise training [8, 37] , rather than cognitive training, these findings indicate wider patient-level interest in both physical and cognitive interventions. While our pilot study on intradialytic exercise and cognitive training suggests that these may be effective interventions to preserve cognitive function [11] , we are starting a larger multi-center study of these interventions and plan to explore their impact on HRQOL (IMPCT trial).
This study has several important strengths, including the use of patient-reported measures of quality of life and intradialytic behaviors in combination with objective measures such as frailty. We used the KDQOL-SF instrument to assess the quality of life, and this tool has both been rigorously validated among patients with ESRD [34] and has been established as an important predictor of health outcomes [2, 42, 43] . The main limitation of our work is that this was a cross-sectional study, and this analysis does not establish a causal relationship between intradialytic activities and HRQOL. It is possible, though less plausible, that patients with poor HRQOL choose to participate in less active intradialytic activities, but the temporality cannot be established in this study. Second, we assessed intradialytic activities by self-report and did not collect the duration of these activities during a dialysis session; however, participants were not made aware of which activities were considered active and which were considered passive. Third, we did not have data on the type of vascular access or the amount of intradialytic weight loss. Finally, because the participants of this study were presenting for transplant evaluation, they may represent a population that is generally healthier, more educated, and functional compared to the general hemodialysis population [45] . These participants may have different intradialytic activities from the hemodialysis population who are not referred for KT evaluation; the generalizability of these results should be confirmed in future studies. However, participants enrolled in this study were not enrolled from a single dialysis center, which may increase the generalizability of our results.
In conclusion, we found that hemodialysis patients with greater intradialytic activities reported better mental and kidney disease-specific HRQOL and increased interest in participating in intradialytic interventions. Dialysis centers may consider offering patients with low levels of intradialytic activity additional support and opportunities to engage in beneficial intradialytic activities. Overall, hemodialysis patients may benefit from intradialytic interventions that offer a range of activity options, which can be integrated into the existing dialysis routine and that provide patient-centered resources to address HRQOL. DOI: 10.1159/000492623
